There are several differential diagnoses of unilateral sinus disease. One of these is inverted papilloma (IP) of the maxillary sinus, which is a common benign tumor with a substantial rate of malignant transformation. In general, endoscopic endonasal techniques for addressing the tumor are favored nowadays instead of classical external approaches. The aim of this retrospective study was to investigate the long-term outcome of inverted papilloma treated endoscopically via the prelacrimal approach. We reviewed 17 patients with primary or recurrent IP of the maxillary sinus that were treated via the prelacrimal endoscopic endonasal technique. After a median follow-up period of 45.9 months (3.8 years), none of the 17 included patients showed signs of recurrent disease and no serious complications were reported. Hypoesthesia of the incisors was reported by four patients and was resolved with time in one. All of the maxillary sinuses could be fully visualized with the flexible endoscope. IP is an important differential diagnosis in the clinical finding of unilateral nasal polypoid lesions. The prelacrimal approach is an effective and safe method in the treatment of IP with limited patient morbidity.
Introduction
There are several differential diagnoses of unilateral sinus disease with or without polypoid masses in the nasal cavity and middle meatus, e.g. asymmetric manifestation of bilateral chronic rhinosinusitis, odontogenic sinusitis, (antro)choanal polyp, otherwise undefined isolated nasal polyps and benign or malignant tumors [1] [2] [3] [4] . Tumors can mimic inflammatory lesions due to superficial edema hiding the typical endoscopic appearance of such tumors. The most relevant benign tumor is inverted papilloma (IP).
IP of the nose and paranasal sinuses is a benign tumor with a considerable risk for secondary malignancy and a high risk for recurrence [1, 2, 5, 6] . The tumor shows characteristic finger-like invagination of the epithelium in the underlying stroma with aggressive local growth and the tendency
Materials and Methods
All patients, operated on by the same surgeon (R.W.) between 2012 and 2016 due to an inverted papilloma of the maxillary sinus via a prelacrimal approach, were screened for inclusion in the study. To be included, patients had to be at least 18 years of age and sign a written informed consent. Informed consent was obtained during the postoperative visit. Patients were given a fact sheet about the study and the use of their personal data in connection with the study according to current European General Data Protection Regulation and they were also personally informed. Patients were excluded if they were less than 18 years old, if informed consent was not given, and they did not have sufficient follow-up data. The study was conducted in accordance with the Declaration of Helsinki and the Guidelines for Good Clinical Practice and the Ethics Committee of the Landesärztekammer Baden-Württemberg, Germany, approved it.
A follow-up of at least 24 months was defined as being reasonable for evaluating long-term results. This was done within the framework of routine check-ups. According to a standardized protocol, the following postoperative symptoms were assessed on a scale of 0-3 (0 = not present, 1 = low, 2 = moderate, 3 = severe): Pain in the upper jaw, nasal stuffiness, increased nasal secretion, or crusting. In addition, it was examined whether a numbness was present in the area of the infraorbital nerve and, in particular, at the incisors, and whether there was any deformation of the alar region on the operated side (0 = no, 1 = yes). Furthermore, we asked for epiphora or recurrent conjunctivitis (0 = no, 1 = yes). If this was reported, a standard dye test (Jones test) (0 ≤ 2 min. transport time, 1 = delayed transport = 2-5 min., 2 = no transport) and passive testing by flushing the lacrimal drainage system with isotonic saline (possible, with increased pressure or not possible) were performed. The nasal cavity and the surgical site were examined by flexible endoscopy. We documented the size of the entrance to the maxillary sinus (>10 mm, 5-10 mm, <5 mm), the visibility of the maxillary sinus (complete or incomplete), the appearance of the mucosa of the maxillary sinus (normal, edematous, presence of purulent secretion), and the presence or absence of recurrence. An MRI was performed to detect a possible mucocele development or tumor recurrence only in those cases where the maxillary sinus could not be completely visualized. The tumor stages were classified according to Krouse [55] .
Surgical Technique
Surgery was performed via HD video endoscopy with 45 • and 0 • Hopkins endoscopes (KARL STORZ, Tuttlingen, Germany) and a shaver system (Unidrive ENT, KARL STORZ, Tuttlingen, Germany, and Medtronic, Meerbusch, Germany). A CT-scan was obtained for all patients before surgery to examine the tumor expansion, individual anatomy, and possible attachment zones, which are characterized by osteitis and focal hyperostosis with a thickened bone layer [56, 57] . The prelacrimal approach was performed as previously described and is briefly summarized (Figure 1a ,b, Figure 2a -e) [58] .
Key surgical steps are:
• debulking of the exophytic tumor inside the nasal cavity; • uncinectomy, middle meatal antrostomy type III, with or without opening of the bulla ethmoidalis and an anterior ethmoidectomy; • entry of the maxillary sinus via the prelacrimal approach with complete exposure of the IP and its attachment; • creation of a medially based mucosal flap from the nasal floor towards the maxillary sinus; • subperiosteal resection of the IP and drilling of the bone at the attachment site until the bone shows a clear white color and healthy appearance. In some cases, some parts of the maxillary wall need to be completely resected to the level of the periosteum of the hard palate and the pterygopalatine fossa; • resection of the nasolacrimal duct if necessary due to tumor invasion; • performing a medial maxillectomy; and, • repositioning the mucosal flap and the inferior turbinate, which is sutured to the mucosa of the lateral nasal wall with one or two stitches.
The postoperative care consists of nasal douching with isotonic saline and nasal occlusion for a week. Debridement is performed after the first and second week, depending on the healing process. All the patients were examined every three months during the first year after surgery, every six months during the second year and once a year afterwards. 
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Results

Patient Population
A total of 17 Patients, four women and 13 men, with a median age of 54.3 years, were included in the study. Initially, 19 patients with IP of the maxillary sinus were screened for inclusion. One patient changed his phone number and postal address and was not available for follow-up. Another patient with an IP of the maxillary sinus had no prelacrimal approach. A total of 15 patients had a stage III, one patient a stage II, and another patient had a stage IV IP according to Krouse with parts of a carcinoma in situ. Nine patients had recurrent disease. Seven of them had one prior surgery, one patient had two and one patient had three prior surgeries. The median follow-up time was 45.9 months (range 24-69 months). The attachment zones were widely distributed over the maxillary sinus ( Figure 3 ). 
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Functional Outcome
The data presented here were collected during the last follow-up visit, at least 24 months postoperatively (median 45.9 months, range 24-69 months). None of the patients had any pain, nasal obstruction, alar retraction, persistent rhinorrhoe, or nasal crusting (n = 0) at the operated side ( Figure 4 ). Four patients complained of hypoesthesia of the incisors immediately after surgery and three of them still complained of hypoesthesia in our long-term evaluation. Another patient had preexisting hypoesthesia of the upper jaw after previous external surgery-this did not change. In two cases, the nasolacrimal duct had to be resected because of tumor infiltration. Both of the patients did not experience epiphora. The inferior turbinate could be preserved in all patients. 
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Endoscopic Findings
Endoscopically, the opening of the maxillary sinus was wide (>10 mm) in 15 cases (88.2%) and moderate (5-10 mm) in two cases. It was possible to control all parts of the maxillary sinus with the flexible endoscope in all patients, including the anterior wall ( Figure 5 ). Four patients showed a volume reduction of the maxillary sinus, and it was unclear whether the size of the maxillary sinus shrank due to scarring and neoosteogenesis, or whether there was some pathologic submucosal process. These four patients were scheduled for further examination by MRI. Additionally, one of them showed increased scarring in the middle meatus. Another patient showed a tumor-like swelling at the inferior turbinate, which turned out to be a fibroepithelial polyp upon histologic examination. 
Endoscopically, the opening of the maxillary sinus was wide (>10 mm) in 15 cases (88.2%) and moderate (5-10 mm) in two cases. It was possible to control all parts of the maxillary sinus with the flexible endoscope in all patients, including the anterior wall ( Figure 5 ).
Functional Outcome
Endoscopic Findings
Endoscopically, the opening of the maxillary sinus was wide (>10 mm) in 15 cases (88.2%) and moderate (5-10 mm) in two cases. It was possible to control all parts of the maxillary sinus with the flexible endoscope in all patients, including the anterior wall ( Figure 5 ). Four patients showed a volume reduction of the maxillary sinus, and it was unclear whether the size of the maxillary sinus shrank due to scarring and neoosteogenesis, or whether there was some pathologic submucosal process. These four patients were scheduled for further examination by MRI. Additionally, one of them showed increased scarring in the middle meatus. Another patient showed a tumor-like swelling at the inferior turbinate, which turned out to be a fibroepithelial polyp upon histologic examination. Four patients showed a volume reduction of the maxillary sinus, and it was unclear whether the size of the maxillary sinus shrank due to scarring and neoosteogenesis, or whether there was some pathologic submucosal process. These four patients were scheduled for further examination by MRI. Additionally, one of them showed increased scarring in the middle meatus. Another patient showed a tumor-like swelling at the inferior turbinate, which turned out to be a fibroepithelial polyp upon histologic examination.
MRI
One of the four patients refused any radiologic examination due to personal reasons. Endoscopically, he showed a volume-reduced sinus with normal mucosa. None of the three remaining patients showed any tumor recurrence on MRI (Figures 6 and 7) . In two patients, small mucoceles were found, which did not cause any symptoms. It was recommended to wait and perform a scan in 1-2 years to control for further growth. In summary, the recurrence rate according to endoscopy and MRI was 0%. 
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Discussion
The likelihood of a final diagnosis of a benign or malignant tumor is increased approximately eight-fold in unilateral versus bilateral sinonasal disease [1, 4] . IP is found in up to 17% of patients with unilateral sinus disease [2] .
Surgical Technique and Recurrence
IP of the nose and paranasal sinuses is treated with endoscopic endonasal techniques in the majority of cases [1, 2, 22] . These represent the current gold standard approach [1,2,10,22,50]. Reported 
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Surgical Technique and Recurrence
IP of the nose and paranasal sinuses is treated with endoscopic endonasal techniques in the majority of cases [1, 2, 22] . These represent the current gold standard approach [1, 2, 10, 22, 50] . Reported median recurrence rates are in general between 10%-20% [2, 59] . Endoscopic techniques show lower recurrence rates than open approaches (12% vs. 20% [59] ; 11.1% vs. 14.2% [2] ; 15% vs. 33.3% [60] ; 3% vs. 9%-28% [14] ; 6%-12% vs. 16% [23] ; 7.4% vs. 9% [61] ), while older studies present higher recurrence rates than recent studies (12% vs. 20% [59] ; 7.7% vs. 11.6% [2] ; 13% vs. 14% [23] ). This difference could be caused by the use of better surgical techniques, better equipment, and the increasing experience of the surgeons in more recent published studies [2, 62] . A meta-analysis of Kim et al. 2017 presented a clear risk reduction for recurrence with endoscopic techniques [22] . The classic medial maxillectomy involves the resection of the whole medial maxillary sinus wall, including the inferior turbinate and the nasolacrimal duct [50, 52] . Some authors suggested the temporary dislocation and preservation of the inferior turbinate in order to improve the functional outcome and decrease morbidity [13, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] 53, 54, 63] . The prelacrimal approach provides excellent visibility into the maxillary sinus, including the prelacrimal recess and the anterior wall of the sinus. It also enables the preservation of the inferior turbinate and the nasolacrimal duct [13, 38, [40] [41] [42] [43] [45] [46] [47] [48] [49] 53, 54, 63] . If necessary, a wider dissection, involving parts of the piriform aperture and the anterior wall of the maxillary sinus, can be performed [64] . Additionally, if necessary, the infraorbital nerve can be dissected out of its bony canal and preserved to reach attachment zones on the lateral sinus wall, in the case of a protruding infraorbital nerve [65] .
Tumors that arise from the lateral or anterior maxillary wall can be thoroughly addressed with 45 or 70 degree endoscopes [10, 13, 58] . An alternative to the endoscopic procedures is the canine-fossa trephination approach, as part of the transoral approaches [29, 31, 33, 37, 39, [66] [67] [68] . The classical Caldwell Luc technique is rarely used nowadays and it is associated with higher recurrence rates [1, 14, 60, 68] . While median recurrence rates of IP in the literature are between 10%-20% [2, 59] , more recent studies, which present the prelacrimal approach, show significantly lower recurrence rates (1.9% [45] ; 0% [49] ; 0% [40] ). Furthermore, it has been shown that the specific resection technique correlates with recurrence rates. Attachment-oriented resection leads to decreased recurrence rates (<10%) [2, 12, [16] [17] [18] 21, 69, 70] . This technique involves subperiosteal tumor resection at the site of tumor origin with a safety margin of 1-1.5 cm [12, 15, 16, 18, 38, 69] . By using intraoperative negative margins, the recurrence rates can be further reduced [69] . Moreover, there are different recurrence rates, when revision cases are addressed (e.g., 4% vs. 15% recurrence) [60, 70, 71] . In our study, no revision case showed recurrent disease as of yet. It is still unclear whether revision surgery leads to higher recurrence rates or to the opposite [2] . The expertise of the surgeon might play an important role. When endoscopic techniques do not facilitate adequate tumor exposure or dissection, they should be combined with external approaches [10, 30] . This could be due to individual patient anatomy and/or tumor growth and origin. Most recurrences occur in the first two to three postoperative years, but later recurrences are also possible [1, 2, 5, 70] . In our study, we present a median follow-up period of 45.9 months (3.8 years), which is regarded as sufficient for detecting the majority of relapse cases.
Postoperative Morbidity
Surgery-related morbidity after resection of an IP via an endoscopic prelacrimal approach has proven to be low in our study. This is confirmed by the literature [13, 40, 42, 45, 47, 49] . Persistent nasal crusting, ongoing pain, rhinorrhea, alar retraction, or epiphora have not been observed. The only symptom that has been found in three cases in our long-term examination is hypoesthesia of the upper incisors. In another case, this symptom existed immediately post-surgery, but vanished in the long-term examination. In general, changes of the outer shape of the nose, such as alar retraction, are not frequently described in the literature. Slightly more frequently, epiphora is reported after endoscopic medial maxillectomy, and the most common symptom that is presented in the literature is hypoesthesia of the infraorbital nerve and superior dental plexus [49, 72] .
The occurrence of hypoesthesia of the upper incisors and the upper jaw is explained by the course of the superior medial alveolar nerve in the mucosa of the anterior maxillary sinus wall. Originating from the infraorbital nerve, it communicates with the superior anterior and posterior alveolar nerve and then forms the superior dental plexus, which innervates these areas [73] [74] [75] [76] . The drilling of the bone or resection of soft tissue in this area consequently leads to sensory deficits. Consequently, this complication cannot be solely ascribed to the surgical technique used or a lack of care of the surgeon, as it would be inevitable due to the individual tumor growth and origin. It is a consequence of necessary tumor resection. Some studies mentioned postoperative crusting and increased nasal secretions, whereas postoperative treatment and nasal care could play a role in the improvement of the above symptoms [15, 24, 40] . None of the patients that were examined in our study complained of these. There is the assumption that classical EMM leads to a higher risk for lacrimal pathway obstruction and empty nose syndrome [49] . Postoperative nasal care, in general, is rarely mentioned in the cited studies. Suzuki et al. showed, in 2017, that out of 51 examined patients, none had signs of epiphora or changes of the shape of the external nose [45] . Other studies presented epiphora rates of 6% to 13.2% [49, 64, 72] . Variation in patient cohort, tumor expansion, and surgical technique may cause the difference. Presumably, the risk of nasolacrimal duct obstruction is higher after classical endoscopic medial maxillectomy than after preservation of the nasolacrimal duct. However, if it is infiltrated by the tumor, it needs to be resected to facilitate complete tumor resection as the ultimate goal. Results regarding the occurrence of lacrimal pathway stenosis in the literature are inhomogeneous and hard to compare, as some authors performed dacrycystorhinostomy after medial maxillectomy, some did not and some did it in special cases [15, 64, 72] . All patients should be informed preoperatively because, overall, paresthesia of the infraorbital nerve is the most common complaint.
Four patients showed a volume reduction of the maxillary sinus. This is a common feature in patients after radical surgery via the Caldwell-Luc approach. It has not been described in the literature in patients after a prelacrimal approach. In a study in rabbits, the extensive removal of mucosa led to a retraction of the medial maxillary sinus wall. Electron microscopy showed inflammation, fibrosis, osteoclastic resorption, increase of osteoclasts within the haversion system, and increased vascularity within the bone [77] . The shrinking of the maxillary sinus is thought to be the result of wound healing. In some patients, the bare bone epithelializes without significant soft tissue reaction and formation. In other patients, the soft tissue and scar tissue formation leads to a reduction of the lumen and a concentric force directed inwards, pulling the bone inwards. There is also osteoneogenesis with a thickening of the bone. Why the wound healing is uneventful in some patients and leads to the mechanism mentioned above in others is currently not known. This does not have any functional impact. Our patients did not report any cosmetic changes of the cheek.
Limitations
Randomization or blinding were not possible because of the retrospective study design. All of the patients that fulfilled the inclusion criteria were included in the study. Only one patient, who changed his phone number and postal address, was not available for follow-up. Otherwise, the lack of blinding has the advantage that the surgeon himself can examine his patients and knows where the critical points are. The literature of inverted papilloma and surgical techniques cannot be easily compared due to significant variations in tumor size, location, patient cohorts, methods, postoperative treatment, and the number of previous surgeries.
Conclusions
Inverted papilloma must be considered in patients with unilateral sinus disease and polypoid lesions in the nasal cavity and middle nasal meatus. The endonasal endoscopic prelacrimal approach is a safe technique for the complete removal of inverted papilloma of the maxillary sinus. Postoperative morbidity and complaints are low, without serious complications. Functional results are acceptable. Neither lacrimal duct stenosis, nasal crusting, nor outer shape changes, such as alar retraction, could be observed. The only long-term persistent symptom has been the hypoesthesia of the upper incisors in about 20% of cases, with the tendency to decrease with time. The recurrence rate of 0% after a mean follow-up of 45.9 months (range 12-69 months) reflects the present literature. Consequently, the prelacrimal approach can be used as a standard technique to address maxillary sinus IP. 
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